Introduction
Over the last several decades, and in response to a variety of drivers, departments of civil engineering at universities across the United States have expanded and many now support multiple degrees. Over the same time period, ABET's Engineering Criteria 2000 introduced outcomes-based assessment to the accreditation process for engineering degree programs 1 . During first six year cycle of ABET Engineering Criteria 2000 assessment, The America Society of Civil Engineers (ASCE) released their first Body of Knowledge (BOK) in 2004 2 . Engineering professions and professional societies develop Bodies of Knowledge (BOKs) or similar documents to define the knowledge, skills, and attitudes needed to successfully enter professional practice. BOKs also are used by professional societies to inform and develop ABET accreditation standards for engineering education. Therefore, they influence how collegiate engineering curricula are developed and assessed.
In today's environment, many departments of civil engineering face the challenges of: (a) supporting multiple, interdisciplinary degree programs, (b) updating and keeping their programs current with ASCE's latest BOK, and (c) managing the continuous assessment and improvement Page 26.802.2 activities associated with ABET accreditation. We believe that civil engineering departments will continue to evolve into multi-disciplinary, sustainable infrastructure programs, and that a new vision for a multi-disciplinary BOK is needed. The transition from discipline-focused objectives to multi-disciplinary objectives presents significant challenges to academic departments. This is especially true given that each degree program will be separately accredited using what is likely to be a single discipline approach.
We present a case study from The University of Alabama Civil Engineering Department from 2005 through 2015. During this period, the department and its programs were expanded and transformed through: (a) adopting a new set of Program Educational Objectives (PEOs) and Student Outcomes, (b) the addition of three more undergraduate degrees, (c) the development of a single set of harmonized PEOs and learning outcomes for four programs, (d) the development of shared capstone design classes across multiple degree plans, and (e) the use of an integrated, multiple program ABET Self Study Report. As we present this case study, we will analyze common challenges, extract lessons, and make recommendations While a complete vision for a new multi-discipline BOK is beyond the scope of this work, we will develop and present some characteristics of such a vision. We recommend characteristics of a new civil engineering discipline BOK that will support a multi-disciplinary infrastructure BOK. Several lessons will be presented from our case study in developing a single set of outcomes supporting four degree programs.
Background
As we consider multi-disciplinary programs in sustainable infrastructure, we will focus on the disciplines of Civil Engineering (CE) and its sub-disciplines of: Construction Engineering (ConE), Architectural Engineering (ArchE), and Environmental Engineering (EnvE). The University of Alabama is managing a set of B.S. degrees in these four program areas with a single faculty and a single set of outcomes. According to the ABET , as of January 2015, there are 240 universities and colleges in the United States offering accredited programs in civil engineering. There are also 16 accredited programs in Construction Engineering, 17 in Architectural Engineering, and 68 in Environmental Engineering 3 . There are 77 U.S. universities that offer two of these four degree programs, and currently 12 that offer three. Figure 1 indicates how the number of universities offering multiple degrees in the infrastructure area has grown since the start of accreditation and Table 1 lists those universities offering three of the four accredited programs in the "infrastructure engineering disciplines." 3 As of January 2015, no university offers all four of these accredited programs, and we believe the University of Alabama will be the first after we proceed through ABET evaluation and achieve accreditation in 2017. Page 26.802.4
ABET Accreditation General Criterion 3: Student Outcomes
All ABET/EAC accredited programs, including the four of interest here (CE, ConE, ArchE, and EnvE) must meet the same General Criterion 3 Student Outcomes as shown in Table 2 (a) an ability to apply knowledge of mathematics, science, and engineering (b) an ability to design and conduct experiments, as well as to analyze and interpret data (c) an ability to design a system, component, or process to meet desired needs within realistic constraints such as economic, environmental, social, political, ethical, health and safety, manufacturability, and sustainability (d) an ability to function on multidisciplinary teams (e) an ability to identify, formulate, and solve engineering problems (f) an understanding of professional and ethical responsibility (g) an ability to communicate effectively (h) the broad education necessary to understand the impact of engineering solutions in a global, economic, environmental, and societal context (i) a recognition of the need for, and an ability to engage in life-long learning (j) a knowledge of contemporary issues (k) an ability to use the techniques, skills, and modern engineering tools necessary for engineering practice. Since the BOK defines the knowledge, skills, and attitudes envisioned for future entry into the professional practice of civil engineering, it is recognized that the BOK must be regularly reviewed and, as necessary, updated. To address how this should be done in an effective and fair manner, ASCE created a BOK-Accreditation Strategic Planning Committee. This committee released a report 6 in 2010 recommending "an eight-year cycle for the periodic review, revision (if necessary), and publication of the Civil Engineering Program Criteria." Each eight-year cycle would begin with a four-year focus on improvements to the Civil Engineering Body of Knowledge, followed by a four-year focus on the Civil Engineering Program Criteria." Given the new Civil Engineering Program Criteria based on the BOK2 are set to go into effect for 2016/2017, the recommended eight-year cycle then implies a new BOK committee will be established in 2016 with a target publishing date of 2019 7 .
History and Development of the Civil Engineering Body of Knowledge

Expanding from One to Two degrees
In 2005, the University of Alabama, Department of Civil Engineering, offered one undergraduate degree: a BS in Civil Engineering that had been continuously accredited since 1931. The department civil engineering learning outcomes are shown in Table 3 . This set of student outcomes was influenced primarily by ABET, but also through a member faculty's participation in ASCE's BOK. The department not only wanted to comply with minimum criteria expressed in ABET but to embrace and foster some of the more aspirational aspects of the original BOK. Demonstrate the ability to learn through independent study, without the aid of formal instructions (Level 3) Outcome P4:
Demonstrate the ability to incorporate contemporary issues, into the identification, formulation, and solution of an engineering problem (Level 3) Outcome P5
Explain the importance of licensure, and basic concepts in engineering management, business, public policy, and leadership (Level 3)
As a result of expanding the department's programs and the necessary new program accreditation, the department adopted an informal philosophy to help it accomplish its mission statement and PEOs. It is this philosophy which developed in the 2007 time-frame that informs all programmatic activity in the department to this day. The philosophy is simple, "one department, one faculty, (x) degrees." Informed by this underlying value and philosophy, the faculty decided that there would only be ONE set of PEOs and ONE set of student learning outcomes for all of the accredited programs in the department. This decision was made to enhance the already strong sense of cohesion and cooperation of the department and to increase the efficiency of maintaining multiple accredited programs.
While the faculty embraced expansion into a second accredited program area, there were, of course, concerns about supporting two degrees and continuing to grow both undergraduate and graduate student populations as well as graduate research activities. The department faculty was Page 26.802.7
concerned that adding the second degree may increase faculty workload, especially with regard to accreditation activities of assessment and continuous improvement. By having ONE set of PEOs and outcomes, only one process was needed for accreditation and that would be supported by the entire faculty. This was deemed to be a more efficient way forward as well as supporting our core value of maintain faculty integrity as a single unit. From this point in time forward the department was committed to a single ABET Self Study Report and a single, department-wide ABET process.
In 2007, the faculty voted to integrate the new construction engineering student outcomes with the civil engineering outcomes to create a single, integrated and harmonized set of student outcomes for both programs. These outcomes were strongly influenced by ASCE's BOK, and of course by the EAC/ABET Criteria 3(a)-3(k) general criteria and program-specific curriculum criteria. As, the construction engineering profession (represented in ABET by ASCE's Construction Institute's Education Committee) does not have a separate BOK, it is not surprising that the structure of the departments' outcomes echoes that of the ASCE BOKI with its introduction of foundational outcomes and continued refinement of Bloom's Taxonomy. The primary assessment mechanism for these outcomes is the use of a student generated graduation portfolio that displays and explains the student's accomplishment of the outcomes through the use of example work from classes.
In 2009 and 2010 the faculty (with the support of the department's external board of visitors) made a number of changes in the departmental PEOs, outcomes and curricula to accommodate : (a) the release of ASCE BOK II, (b)a change of credit hours 132 to 125 in response to the University of Alabama lowering the "full-time load" for students to 16 hours/semester, (c) increasing numbers of students, (d) to communicate program specific criteria more explicitly, and (e) to reflect lessons learned during the departmental assessment of outcomes using student portfolios. Table 4 shows the single set of departmental outcomes for both the CE and ConE program introduced in 2010. Note that when the program specific criteria need to be reflected in a degree, the words "civil engineering" or "construction engineering" are used. A careful comparison of Table 4 to each of the ABET program specific criteria indicates that there are places where the joint outcomes move beyond what one or the other single program specific criteria state. For example, ASCE changed the civil engineering criteria to include the phrase "one additional area of natural science." Such a parallel phrase is not found in the constructionengineering criteria. However, the faculty decided that having uniform curricula in the first two years of each degree program was of sufficient value to require the additional science for both programs.
ABET Review of the Newly Added Second Degree Program (ConE)
In 2010, the faculty approved several changes to the BS ConE curricula largely as a result of the initial ABET evaluation of this new degree. The changes focused around changing a number of elective courses in this program to required courses in order in insure that all ConE students met all of the ABET criteria in the specific context of the practice of construction engineering.
This evaluation raised the issue that different disciplines and programs housed within a single department may view design differently. Even though design may be appropriately included the department's shared outcomes, when assessed in a single-discipline context, it might not be of Page 26.802.8
the type a PEV trained in a particular program evaluation may be expecting. This contextual nature of the subtle difference in design definition from program to program became an area of preparation before the 2013/2014 ABET cycle and will be discussed below.
Table 4 Single Set of Department Outcomes for CE and ConE Programs 2010
Foundational Outcomes • F1 (Level 3): Solve problems in mathematics through differential equations, probability and statistics, calculus-based physics, general chemistry, and one additional area of science.
• F2 (Level 3): Explain the importance of (1) humanities, literature, and fine arts, and (2) history and social and behavioral science.
Technical Outcomes
• T1 (Level 4): Analyze and solve problems in material science and engineering mechanics.
• T2 (Level 4): Select and conduct program relevant civil or construction engineering experiments to meet a need, and analyze and evaluate the resulting data.
• T3 (Level 3): Apply relevant knowledge, techniques, skills, and modern engineering tools to identify, formulate, and solve engineering problems, including: BSCE -problems in at least four technical areas appropriate to civil engineering. BSConE -problems in construction processes, communications, methods, materials, systems, equipment, planning, scheduling, safety economics, accounting, cost analysis and control, decision analysis, and optimization.
• T4 (Level 3): Explain the impact of historical and contemporary issues on civil or construction engineering.
• T5 (Level 3): Develop solutions to well-defined project management problems within civil or construction engineering.
• T6 (Level 5): Develop a system or process in more than one program-relevant civil or construction engineering specialty field to meet desired needs, including sustainability and within other realistic constraints such as economic, environmental, social, political, ethical, health and safety, and constructability.
• T7 (Level 2): Explain key aspects of at least one traditional or emerging program-relevant area of advanced specialization.
Professional Practice Outcomes
• P1 (Level 4): Analyze a situation involving multiple conflicting professional, legal, and ethical interests to determine appropriate course of action.
• P2 (Level 4): Organize and deliver effective written, verbal, graphical and virtual communications.
• P3 (Level 3): Demonstrate the ability to learn through independent study, without the formal aid of instruction.
• P4 (Level 3): Demonstrate attributes supportive of the professional practice of engineering; apply leadership principles to direct efforts of a small group to solve a relatively constrained problem, and function effectively as a member of a multidisciplinary team to solve openended engineering problems.
• P5 (Level 2): Explain the importance of licensure, and basic concepts in engineering management, business, law, public administration, public policy, and globalization as related to the professional practice of civil or construction engineering.
ABET Evaluation of Both CE and ConE Programs in the 2013/2014 Cycle
A single ABET report for the 2013/2014 accreditation cycle was written for both the CE and ConE programs. It included the single set of PEOs and outcomes (listed in Table 3 ). However, Page 26.802.9
the single report was clerically split into separate reports one for each program at the request of the PEVs. As the faculty prepared for the 2013/2014 visit, after submitting the initial report, several actions were taken to improve the department's assessment process.
In the Fall of 2013, the faculty submitted requests for establishing new programs in Architectural and Environmental Engineering to the Board of Trustees. The Board approved the request to submit a proposal and the State of Alabama Commission of Higher Education started the process of approving these programs. As part of preparing for the addition of these new degrees, the faculty did one more restructuring of the department's single set of integrated outcomes (Table  5) . Table 5 showcases the "one department, one faculty, four degree" philosophy of this department. The use of Bloom's Taxonomy was now more common practice in BOKs and in ABET vernacular and is used throughout Table 5 . During a faculty retreat in the Fall of 2013 and prior to the latest ABET visit, the faculty prepared and approved three critical documents that were later used to guide the faculty, advising staff, and students in moving forward with the four degrees. The first document contained a set of design definitions in the context of each of the four degree programs. The faculty believe such a document, while it may need to be refined over time, is necessary as "design" means something different to every profession and to every ABET/EAC program-specific area. BOKs typically spend considerable time discussing design and, even in those disciplines without a formalized BOK (construction engineering), PEVs and the profession tend to have a tighter agreement about the nature of design than exists across all four program areas (CE, ConE, ArchE, and EnvE). • T6 (Level 5): Design a system or process in more than one area within the discipline to meet desired needs, including sustainability, and within other realistic constraints such as: environmental, economic, social, political, ethical, health and safety, and constructability.
• T7 (Level 2): Explain key aspects of at least one traditional or emerging area of area of advanced specialization within the discipline.
Professional Practice Outcomes
• P1 (Level 4): Analyze a situation involving multiple conflicting professional, legal, and ethical interests, and determine an appropriate course of action.
• P2 (Level 4): Organize and deliver effective written, verbal, and graphical communications.
• P3 (Level 3): Demonstrate the ability to learn through independent study, without the aid of formal instruction.
• P4 (Level 3): Demonstrate attributes supportive of the professional practice of engineering; apply leadership principles to direct the efforts of a small group to solve a relatively constrained problem; and function effectively as a member of a multidisciplinary team to solve open-ended engineering problems.
• P5 (Level 2) Explain the importance of professional licensure and basic concepts in engineering management, business, law, and globalization.
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The faculty also prepared a portfolio guide to help guide the students in preparing their portfolio. This step was shown to be very useful during the latest ABET visit when portfolios (constructed before the guide) often did not have the most appropriate work to demonstrate a particular outcome, in particular The Design Outcome T6. This portfolio guide works in synergy with the design definition. Finally a "Student Guide to Senior Plan of Study Electives, Senior Design, Licensure, and Graduate School" was prepared to help students select the most appropriate and relevant electives for their program, their personal plan of study, and their professional future. All of these documents can be found on the department's website (http://cce.eng.ua.edu).
The last action that the faculty took was to investigate the use of a commercial product, "Livetext TM " to aid the students in preparing, storing, and submitting their graduation portfolios. Over the ten year period (2005-2015) discussed in this paper, the department grew in both number of degrees and in number of undergraduate students. The undergraduate population in the department increased more than 160% as shown in Figure 2 . The over 100 portfolios now generated per year were simply too large to handle using an antiquated hard copy process. The faculty now mandates the use of the LiveText TM system. Graduation outcomes have always been mapped to individual courses dating back to the single degree program in civil engineering. However, in response to comments during the last ABET evaluation; the faculty now explicitly link particular assignments/activities to graduation level outcomes that can then be used to populate graduation portfolios with the most appropriate work for each program. 
Possible Issues Arising from New Degrees in ArchE and EnvE
Many of the major issues associated with adding new degrees to the department have been mitigated through the lessons learned when adding the ConE degree. However, certainly some issues must be expected. It is likely that our next ABET visit (for the new EnvE and ArchE degrees) will yield modifications such as were seen with the addition of specialty construction Page 26.802.12 engineering classes. Certainly expanding focus and coverage of the current two senior design classes (site design and building design), will be needed to meet the specific views of design espoused by the architectural and environmental engineering disciplines. We fully expect change and, in fact, see it as part of the process of growing our programs from a single multidiscipline set of outcomes.
The approach that we are implementing is building from a central set of outcomes (originally derived from expanding CE outcomes to meet additional program criteria) and then refining curricula of each program to support these unified outcomes rather than starting from separate outcomes and trying to move together. Table 1 lists twelve universities that have three accredited programs in the "infrastructure disciplines" of CE, ConE, ArchE, and EnvE. A review of the current websites of these universities reveals an interesting trend. Almost all of these programs have separate PEOs and Student learning Outcomes for each degree program, indicating a different implementation pathway than used at the University of Alabama. Only University of Oklahoma has a single set of PEOs and outcomes for all three programs. Of course, several of these universities offer these three programs across multiple departments or even multiple colleges, which complicates a unified approach. But even in the case of two programs in a civil engineering department and a third offered in a separate department, the civil department often has two sets of PEOs and outcomes.
Summary of Findings
Developing the next generation of civil engineering departments that attempt to cover the multidisciplinary breadth of infrastructure engineering will be challenging. However, as Table 1 and Figure 1 attest, civil engineering programs are naturally moving in this direction. We believe that an effective approach is to develop a unified set of PEOs and Outcomes. Assessment tools and data presentation can then be devised and segmented as necessary to meet a singledisciplined approach to accreditation.
As ASCE moves forward with BOKIII 7 , it may be useful to think about a future with unified or at least highly linked PEOs and outcomes across infrastructure programs. Based on our experiences, we find that the interpretation of the concept or definition of design is one of the major challenges. ASCE has invested heavily in its BOK process and may be the best positioned of any of the engineering societies to help foster true multi-disciplinary programs of the future. ASCE's BOK has been somewhat of a model for others including the Environmental Engineering AAEES BOK. Also ASCE houses the lead "agencies" for program-specific criteria for Architectural Engineering, Civil Engineering, and Construction Engineering. These agencies are the Civil Engineering Program Criteria Task Committee (CEPCTC) for Civil Engineering, the ASCE Construction Institute Education Committee for Construction Engineering, and the ASCE Architectural Institute Education Committee for Architectural Engineering. If CEPCTC considers it worthwhile to help foster multi-disciplinary programs in sustainable infrastructure, then it is very possible some of the approaches detailed herein will prove useful to other Departments of Civil Engineering. Explain key concepts and problem-solving processes in (1) mathematics through calculus and differential equations; (2) probability and statistics; and (3) at least two areas of natural science.
Solve problems in (1) mathematics through calculus and differential equations; (2) probability and statistics; and (3) at least two areas of natural science. (BS)
F2
Humanities and Social Behavior
Define key facts from (1) humanities, literature, and fine arts; and (2) history and social behavior.
Discuss the key facts of (1) humanities, literature, and fine arts; and (2) history and social behavior.
Explain the importance of (1) humanities, literature, and fine arts; and (2) history and social behavior.
(BS)
T1
Materials and Mechanics
Define key factual information related to engineering mechanics and materials.
Explain key concepts and problem-solving processes in engineering mechanics and materials.
Solve problems in engineering mechanics and materials.
Analyze 
